By now the pneumotachograph is the gold standard for quantitative measurement of the respiratory flow. However, for continuous quantitative monitoring of airflow or measuring flow within non-invasive ventilated patients an ideal solution is still missing. In this study we made an attempt to detect the nasal breathing with our newly developed system of measurement. This method allows the detection of nasal airflow by means of a sensor, which is placed on the trachea.
Introduction
The determination of the respiratory flow represents an important method to detect sleep-related respiratory dysfunctions. Thermistors are frequently used, but they provide only qualitative data [1] , whereas the oral flow measurement via pneumotachograph displays the actual floating volume per time unit. These devices are too bulky or too inconvenient (when integrated in a full-face mask). Beyond, using a full-face mask involves the risk that leakages distort the data. Hence, alternative methods have recently been investigated in the sleep research community. The acoustic flow detection is the most promising method so far [2, 3, 4] . Based on these research findings, we developed a technique named ThorAKUSTIK that facilitates a quantitative determination of the respiratory flow. Thereby we use a new acoustical sensor, which is attached paralaryngeal using an adhesive ring. Such a quantitative method offers a very useful alternative, especially regarding long-term monitoring and polysomnography. The position of auscultation for the tracheal breathing sound is easily accessible and it is suited for the analyses of nocturnal apnoea phases during sleep diagnostics [5] .
1.1
The tracheal breathing sound
The tracheal breathing sounds emerge in the upper airway near pharynx and larynx. The sound is caused by a turbulent air flow that vibrates the tracheal septum [6] . These sounds have got a broad acoustic frequency spectrum with a relatively constant frequency component between 75 and 1000 Hz [7] . The broad frequency spectrum of the tracheal breathing sounds is also influenced by resonances in the airways [8] , and shows accordingly a dependency on body height, respectively on the tracheal length [9] . In 1970, Forgacs already showed a linear correlation between sound intensity and respiratory flow [10] . Also, Lessard investigated the relationship between frequency spectrum and flow in 1986. He figured out, that the mean frequencies of expiration are higher than those of inspiration [11] . Soufflet's studies showed that a minimum threshold value of 0.1 to 0.2 L/s has to be reached to enable the flow detection. Moreover, he found a high variety between the subjects and his calculation of tracheal flow produced a standard error of 13-15 %. [12] Mussel established a separate calculation for inspiration and expiration [13] . In 2002, Moussavi discovered a linear correlation between the mean band power in the range of 100 to 600 Hz and the respiratory flow [14] . Que found a relationship between the sound intensity and the flow, calculating the envelope of the sound signal [15] . Several papers could show that tracheal breathing sounds depend on the subject's sex [16, 17] .
Study goal
The aim of this study was to verify and compare our newly developed ThorAKUSTIK-system with existing clinical applications. Furthermore, our goal was to show in a pilot study that our system allows a reliable determination of the nasal respiratory flow.
Methods
We investigated 20 male subjects with a healthy lung (FEV 1 > 80 %). They were between 20 and 40 years old and non-smokers for more than five years, with a maximal amount of five pack years. Subjects with a bronchial infec-tion in the span of the last two months and subjects with a BMI outlying 17 -30 kg/m² were contraindicated. We used the ThorAKUSTIK recording system, manufactured by ThoraTech GmbH (Gießen, Germany), containing a storage unit, an acoustic sensor (Fig. 1) , and an analysis unit. The technical design of this system was developed in accordance with the recommendations of the CORSA (Computerized Respiratory Sound Analysis) standards [18] . The detection algorithm is based on a frequency analysis in which the signal is filtered, so that the relevant frequency components are kept to calculate subsequently the acoustically determined flow curve. The system can be used for nocturnal measurements during sleep and for punctual short time measurements, but the ambient noises should be reduced to a minimum. It is prone to artifacts due to speech but slight nocturnal movements and snoring do not influence the measurement. According to the protocol, we started with a patient briefing and an anamnesis, focused on respiratory diseases. Afterwards, we executed a physical examination, followed by a lung function test including spirometry and body plethysmography. Subsequently, we started the sound recordings as follows:
The subject was sitting. Initially, he had to practice a certain respiratory pattern with a target flow of 40 L/min for a few breathing cycles. The breathing flow was displayed to allow self-control. The subjects breathed four minutes through the nose (mouth was closed) and a downstream pneumotachgraph.
Results
We calculated the pearson correlation coefficient (r), the corresponding standard deviation (St-dev), and level of significance (p-value) of the actually measured flow correlated with the acoustically determined flow. The correlation coefficient does not include flow values below 0.1 L/s, because there are no breathing sounds generated below this level (laminar flow).
We found a very high correlation (r ≥ .89) for inspiration and for expiration. The p-values are lower than 0.01 which shows statistically high significant results (Tab. 1). Figure  2 shows exemplarily the correlation between an actual measured flow and an acoustically determined flow of a selected subject. 
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Conclusion
The present study shows that the ThorAKUSTIK-system developed by ThoraTech GmbH facilitates the calculation of nasal respiratory flow from the tracheal sound signal. The correlation coefficients for inspiration and expiration are almost equal. We could already show that the system also allows the calculation of orally measured breathing flow [19] . It is assumed that this very simple method will be used as continuous long-time monitoring for patients with suspected sleep apnoea. Data can be stored and displayed live. We are going to evaluate this system in further clinical studies considering a larger collective and under several conditions. We are planning on transferring this method into clinical routine.
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